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BACKGROUND OF THE INVENTION 



1. The Field of the Invention 

[0001] The present invention relates generally to extended drain field effect transistors 
and electrical power protection circuits. More specifically, the present invention relates to 
double-sided extended drain field effect transistors and an integrated overvoltage and 
reverse voltage protection circuit that uses double-sided extended drain field effect 
transistors. 



2. Background and Related Art 

[0002] Electrical circuits are in widespread use with a practically limitless variety of 
applications. Innovation in circuit design has changed the very way we live and work. 
q Nevertheless, there are limits to electrical circuitry. One limit is that circuitry is only 
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£ [0003] The purpose of such protection circuits is to ensure that a load electrical circuit 

is protected from anomalous applied electrical conditions. Some protection circuits 
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substantially stop any power at all from being delivered to the load circuit if anomalous 
voltage conditions are applied to the protection circuit. Other protection circuits called 
voltage regulators control the supplied voltage such that useful voltages are applied to the 
load circuit despite anomalous supply voltages being externally applied. Voltage 
regulators are especially useful when it is necessary for the load circuit to continue to 
operate despite excessive applied supply voltages. 

[0004] One application in which anomalous applied voltages may occur is in the 
automotive environment in which a battery supplies power to circuitry throughout the 
vehicle. In many cases, the vehicle circuitry is not powered directly from the battery. 
Instead, the vehicle circuitry is powered by a regulator that lowers the battery voltage and 
smoothes out the transients in the battery voltage. For example, a typical regulator may 
receive a battery voltage of up to approximately 16 volts and use that voltage to generate a 
regulator voltage of just 5 volts. 

[0005] It is not usual in such a vehicle to have the vehicle circuitry experience transient 
surges of excessive voltages. Protection from such excessive voltages is often termed 
"overvoltage protection." Excessive voltage may occur in a vehicle, for example, when 
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a certain vehicle circuitry, which is supposed to be supplied by a lower regulated voltage, is 
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t <5S two batteries are wrongly connected in series instead of in parallel during a jump-start. 

\ < S This double-battery condition can raise the supplied voltage up to the range from 25 to 30 

^ volts. Yet another type of overvoltage is called "load dump" which occurs when the load 

current in a vehicle alternator is interrupted. Voltage peaks in the range of 40 to 80V can 

be generated under the load dump condition. 
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[0006] Also, sometimes the battery may be inadvertently connected in reverse, in 
which case the load circuitry may be subject to applied electrical voltages that have 
opposite polarity as compared to the designed applied voltages. Without protection, this 
may result in normally reverse-biased PN semiconductor junctions to be forward-biased, 
which can devastate semiconductor-based circuitry. Protection from such reverse power 
voltages is often called "reverse voltage protection." Overvoltage and reverse voltage 
conditions, while common in automotive applications, may occur with significant 
regularity in other applications as well. 

[0007] Accordingly, protection circuits have been developed to act as a buffer between 
an applied supply voltage and the load circuitry such that when anomalous supply voltages 
occur, the anomalous supply voltage is either blocked from reaching the load circuitry 
entirely, or else the anomalous supply voltage is regulated such that the voltage applied to 
the load circuitry is appropriate. It is advantageous to have such protection circuits be 
integrated (e.g., on the same semiconductor die) as the load circuit being protected. This 
reduces the cost, size and power requirements of the combination of the protection and 
load circuits. 

q [0008] Some protection circuits are designed for reverse voltage protection, while 
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2 single chip, and with chips being incorporated into increasingly confined areas, it becomes 

increasingly important to minimize as much as is reasonable the amount of room any one 

circuit on the chip occupies. 
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[0009] In addition, many protection circuits use depletion mode transistors (normally 
on) or devices such as bipolar transistors, Schottky diodes, or other types of devices that 
also may not be available in many standard Complementary Metal-Oxide-Silicon (CMOS) 
processes. Even if available, the process complexity involved with fabricating such 
devices is higher. Thus, the presence of such devices increases the cost of the circuit. 
Also, such devices may significantly increase the voltage drop across the protection circuit 
even if the applied supply voltages are within the designed tolerances of the load circuit. 
Many protection circuits also may require oscillators, charge pumps, DC-DC converters, or 
other complex circuits that may significantly increase the cost, size and power dissipation 
of the protection circuit. 

[0010] Therefore, what is desired are overvoltage protection circuits that may have 
integrated reverse voltage protection functionality incorporated therein, and which may be 
suitable for integration with the load circuit being protected. It would also be 
advantageous if the protection circuit had a smaller design that did not require complex 
circuitry or devices that are difficult to fabricate using standard CMOS processes. 
[0011] Typical voltage regulators and reverse voltage protection circuits do not use 
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u doubled-sided extended drain field effect transistors. Instead, conventional extended drain 
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< [0012] The transistor 400 is a p-channel transistor that is fabricated in an n-well 401 

within a p-type substrate 411. The transistor 400 further includes a gate terminal 402, a 
source terminal 404, and a drain terminal 407. Field oxides regions 403 A, 403B, and 403C 
are positioned as illustrated. Terminal 405 is used to bias the n-well 401. Oxide layer 410 
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represented by regions 41 OA, 41 OB, 4 IOC and 410D overlies portions of the transistor 400 
to provide protection and electrical isolation from an upper metal layer except through the 
via holes represented by the gaps in the oxide layer 41 0. 

[0013] Unlike conventional field-effect transistors, the gate terminal 402 of the 
extended drain field effect transistor is laterally separated from the drain terminal 407. In 
particular, a more lightly doped p- region 408 (also referred to as a p-RESURF region) is 
implanted between the gate terminal 402 and the drain terminal 407. "RESURF" is short 
for "REduced SURface Field". The p-RESURF 408 operates to electrically connect the 
drain terminal 407 to the channel region underneath the gate terminal 402. The p- 
RESURF region 408 also serves as a region that may sustain large voltage drops in cases 
when the voltage at the channel region far exceeds the voltage at the drain terminal 407. 
Accordingly, large differential voltages may be isolated from the remaining circuitry even 
when the transistor is switching high voltages. 

[0014] An additional p-region 409 is laterally disposed on the other side of the p+ 
drain terminal 407. Together, the p-RESURF regions 408 and 409 significantly increase 
the breakdown voltage of the p+ drain terminal 407 with respect to the n-well 401. 
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Accordingly, the transistor 400 is well suited for switching high voltages. 




instances in which increased breakdown voltage for the source terminal would also be 



drain. This is sufficient for switching high voltages. However, in other applications in 



which the extended drain transistor has not been conventionally incorporated, there may be 



[0015] The extended drain transistor 400 thus has increased breakdown voltage at the 
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advantageous. 
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SUMMARY OF THE INVENTION 
[0016] In accordance with the present invention, an integrated overvoltage and reverse 
voltage protection circuit includes two double-sided extended drain field effect transistors 
of a first carrier type (e.g., one of a p-channel or n-channel). The source terminal of each 
of these transistors is coupled to a first voltage source. A second of the transistors has a 
drain terminal coupled to the gate terminal of the first transistor. A high value resistor 
couples the body terminal of both of the transistors to the first voltage source. 
[0017] In one embodiment in which the overvoltage protection circuit regulates 
excessive supply voltages, a voltage divider includes second and third resistors that couple 
the drain terminal of the first transistor to a second voltage source. In another embodiment 
in which the overvoltage protection circuit blocks any excessive supply voltage, the 
voltage divider includes second and third resistors directly coupled in series between the 
first voltage source to the second voltage source. A load to be protected may be placed in 
parallel with the voltage divider between the drain of the first transistor and the second 
voltage source. An extended drain transistor of a second carrier type (e.g., the other of n- 
channel or p-channel) opposite the first carrier type couples the drain of the first p-channel 
transistor to the second voltage source. A middle node in the voltage divider is coupled to 
one input terminal of an amplifier, while the other input terminal is coupled to a reference 
voltage. 

[0018] The use of double-sided extended drain field effect transistors permits a less 
complex design for the protection circuit that thereby reduces layout complexity and size. 
Furthermore, the voltage regulator and reverse voltage protection circuit are integrated to 
allow for more convenient use in applications in which both overvoltage and reverse 
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voltage conditions may apply. Furthermore, the circuit may be fabricated using standard 
CMOS processes and does not require components external to the chip to operate. 
[0019] The double-sided extended drain field effect transistor includes a gate terminal 
that overlies a channel region of a substrate. The transistor also includes a drain region and 
a source region that are both laterally separated from the channel region by RESURF 
regions. "RESURF" is short for u REduced SURface Field". Such RESURF regions 
operate to increase the breakdown voltage at both the source and drain sides of the 
transistor. Accordingly, the double-sided extended drain field effect transistor is ideally 
suited for applications such as the integrated voltage regulator and reverse voltage 
protection circuit as such circuits impose strong reverse biases in both the drain region 
with respect to the body terminal, and the source region with respect to the body terminal. 
[0020] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be obvious from the description, or may be 
learned by the practice of the invention. The features and advantages of the invention may 
be realized and obtained by means of the instruments and combinations particularly 
pointed out in the appended claims. These and other features of the present invention will 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] In order to describe the manner in which the above-recited and other advantages 
and features of the invention can be obtained, a more particular description of the invention 
briefly described above will be rendered by reference to specific embodiments thereof 
which are illustrated in the appended drawings. Understanding that these drawings depict 
only typical embodiments of the invention and are not therefore to be considered to be 
limiting of its scope, the invention will be described and explained with additional 
specificity and detail through the use of the accompanying drawings in which: 
[0022] Figure 1 illustrates an integrated voltage regulator and reverse voltage 
protection circuit in accordance with the principles of the invention in which double-sided 
extended drain field effect transistors are used; 

[0023] Figure 2 illustrates a double-sided extended drain p-channel field effect 
transistor in accordance with the principles of the present invention that may be used for 
each of the p-channel double-sided extended drain field effect transistors of Figure 1. 
[0024] Figure 3 illustrates a single-sided extended drain n-channel field effect 
transistor that may be used for the n-channel single-sided extended drain field effect 
transistor of Figure 1 ; 

[0025] Figure 4 illustrates a single-sided extended drain field effect transistor in 
accordance with the prior art; 

[0026] Figure 5 illustrates an integrated overvoltage and reverse voltage protection 
circuit in accordance with the principles of the invention in which double-sided extended 
drain field effect transistors are used; and 

[0027] Figure 6 illustrates an integrated voltage regulator and reverse voltage 
protection circuit in accordance with the principles of the invention in which double-sided 
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extended drain field effect transistors are used, and in which the gate protection is 
implemented. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0028] The present invention relates to an integrated overvoltage and reverse voltage 
protection circuit that implements double-sided extended drain field effect transistors to 
thereby effect a design that occupies relatively little area and that may be implemented 
using standard CMOS processes. 

[0029] Figure 1 illustrates an integrated voltage regulator and reverse voltage 
protection circuit 100 in accordance with the principles of the present invention. The 
circuit 100 includes two p-channel double-sided extended drain field effect transistors 101 
and 102. In this description and in the claims, a "double-sided extended drain field effect 
transistor" is any field effect transistor in which there is a RESURF region between the 
drain terminal and the channel region, and another RESURF region between the source 
terminal and the channel region. "RESURF" is short for "REduced SURface Field". The 
circuit 100 also includes an n-channel extended drain field effect transistor 103. The n- 
channel extended drain field effect transistor may be an n-channel single-sided extended 
drain field effect transistor as illustrated in Figure 1, or may alternatively be an n-channel 
double-sided extended drain field effect transistor. In this description and in the claims, a 
"single-sided extended drain field effect transistor" means any field effect transistor in 
which a RESURF region separates only one of the drain or source terminals from the 
channel region. An "extended drain field effect transistor" means either a single-sided or 
double-sided extended drain field effect transistor. The circuit 100 further includes an 
amplifier 104, and resistors Rl, R2 and R3. Although the load 105 that is being protected 
may be off-circuit, the load 105 may be integrated with the circuit 100. 
[0030] As illustrated, the source terminal of the double-sided extended drain field 
effect transistor 101 is coupled to the voltage supply V(SUP). In this description and in the 
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claims, two nodes in a circuit are "coupled" if charge may flow from one node to the other 
during normal operation of the circuit, if even with some resistance. The drain terminal of 
the double-sided extended drain field effect transistor 101 is coupled to the gate terminal of 
the double-sided extended drain field effect transistor 102. The body regions of both 
double-sided extended drain field effect transistors 101 and 102 are n- wells and are 
coupled in common and (through the resistor Rl) to the supply voltage V(SUP). The 
resistor Rl is a high value resistor that may be composed of, for example, high resistance 
polysilicon. 

[0031] The drain terminal of the n-channel single-sided extended drain field effect 
transistor 103 is coupled to the drain terminal of the p-channel double-sided extended drain 
field effect transistor 101. The source terminal of the n-channel single-sided extended 
drain field effect transistor 103 is coupled to a low voltage supply. The load 105 is 
coupled in parallel with the series combination of resistors R2 and R3 between the drain 
terminal of the p-channel double-sided extended drain field effect transistor 102 and the 
low voltage supply. 

[0032] Having described the structure and various interconnections of the circuit 100, 
the operation of the circuit 100 will now be described. The p-channel double-sided 
extended-drain field effect transistor 102 controls current from the supply pin illustrated as 
having voltage V(SUP) to the load 105. The other p-channel double-sided extended-drain 
field effect transistor 101 is used to bias the gate terminal of the controlling p-channel 
transistor 102. 

[0033] The gate terminal of p-channel transistor 101 is connected to a reference 
potential generated relative to the supply voltage V(SUP). For example, the reference 
voltage may be the supply voltage V(SUP) minus the threshold voltage Vtp of the p- 
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channel transistor 101. This reference bias limits the current flowing through device 101. 
Note that there is feedback in that the voltage V(FEEDBACK) is fed back into the lower 
input terminal of the amplifier 104. If the n-channel single-sided extended drain field 
effect transistor 103 is turned on by this feedback, the drain current of the p-channel 
transistor 101 will pull the gate potential of the controlling p-channel transistor 102 below 
the supply voltage V(SUP) allowing current to flow through the p-channel transistor 102 to 
the load 105. If the n-channel transistor 103 is turned off by the feedback, the drain current 
of the p-channel transistor 101 will raise the gate voltage of the controlling p-channel 
transistor 102 to the supply voltage V(SUP) shutting off the controlling p-channel 
transistor 102 so that little, if any current will flow to the load 105. 

[0034] With this in mind, the circuit 100 performs voltage regulation when V(SUP) is 
too high as follows. The drain current of the n-channel transistor 103 is controlled by the 
voltage at the load 105. As the voltage on the load 105 increases due to an increased 
supply voltage V(SUP) to a point where V(FEEDBACK) becomes larger than V(REF), the 
amplifier 104 reduces the voltage on the n-channel transistor 103 which, in turn, increases 
the voltage on the gate of controlling p-channel transistor 102 and thereby lowering the 
current to the load 105. 

[0035] When a reverse voltage condition occurs, the supply voltage V(SUP) is 
negative with respect to ground. During a reverse battery condition, if the circuit 100 is 
integrated on a standard P-Substrate CMOS process where the P-substrate is connected to 
ground, the n-Well that represents the body terminal of p-channel transistors 101 and 102 
will be forward biased with respect to the P-substrate. In this condition, the high value, 
current limiting resistor Rl limits the current through the forward biased diodes of all N- 
Wells connected to V(SUP). 
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[0036] Accordingly, both voltage regulation and reverse voltage protection is 
accomplished using a single integrated circuit. Not counting the load 105, the circuit 100 
only includes one amplifier, three transistors, and three resistors. Accordingly, the area 
consumed by the circuit 100 may be quite small. 

[00371 Figure 2 illustrates a cross section of a p-channel double-sided extended-drain 
field effect transistor 200. The transistor 200 may be used for each of the p-channel 
double-sided extended drain field effect transistors 101 and 102 of Figure 1, although the 
transistor 200 represents a unique transistor design that may be useful in any application in 
which both the source and drain of the transistor may be subject to high reverse bias 
voltages with respect to the body terminal. The double-sided extended drain field effect 
transistor significantly increases the breakdown voltage at both the source and drain 
terminals. Accordingly, there is far less likelihood of breakdown occurring in cases in 
which both the source and drain terminals are subject to high reverse biasing with respect 
to the body terminal. 

[0038] The transistor 200 is fabricated on a p-type substrate 211. An n-well 201 is 
formed in the p-type substrate 211. Furthermore, the transistor includes gate terminal 202, 
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q source terminal 207 and the drain terminal 204. The gate terminal 202 does not laterally 
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^ 204. Other field oxide layers 203A and 203D formed by the same oxide growth and 

patterning steps as the oxides 203 B and 203 C may also be present. Oxide layer 210 
represented by portions 21 OA, 21 0B and 2 10C may overlie the entire structure to provide 
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selective electrical isolation from an upper metal layer. A thin oxide resides vertically 
between the gate terminal 202 and the n-well although the oxide layer is too thin to 
distinguish in Figure 2. 

[0039] Additionally, a p-RESURF region 205 is laterally positioned between the drain 
terminal 204 and the channel region underneath the gate terminal 202 as shown. The p- 
RESURF region 205 operates to electrically connect the drain terminal 204 to the channel 
region underneath the gate terminal 202. The p-RESURF region 205 also serves as a 
region that may sustain large voltage drops in cases when the voltage at the channel region 
far exceeds the voltage at the drain terminal 204. An additional p- region 206 may be 
laterally disposed on the other side of the drain terminal 204. Together, the p-RESURF 
region 205 and the p- region 206 significantly increase the breakdown voltage of the drain 
terminal 204 with respect to the n-well 201. 

[0040] Unlike conventional single-sided extended drain field effect transistors, a p- 
RESURF region 208 is also laterally positioned between the source terminal 207 and the 
channel region. The p-RESURF region 208 performs the same functions for the source 
terminal 207 as are attributed to the p-RESURF region 205 for the drain terminal 204. 
Furthermore, an additional p- region 209 may be laterally disposed on the other side of the 
source terminal 207. The p- region 209 performs the same functions for the source 
terminal 207 as are attributed to the p- region 206 for the drain terminal 204. 
[0041] When a reverse voltage event occurs (e.g., V(SUP) is negative), the interface 
between the n-well 201 and the substrate 211 becomes forward biased. Therefore, the 
potential of the n-well 201 will be fixed at approximately -0.6V (assuming that the 
substrate is fixed at ground). The drain voltage will drop to approximately ground, while 
the source voltage will drop to a negative value equal to the negative voltage of V(SUP). 
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This negative source voltage is typically greater in magnitude than a standard P+ source to 
n-well breakdown voltage. By using the double-sided extended-drain transistor 200, the 
breakdown voltage at the interface between the source terminal 207 and the n-well 201 is 
increased above the magnitude of the reverse voltage. Accordingly, the use of p-RESURF 
region 208 and p- region 209 isolates the circuit from the negative potential which would 
damage the circuit under a reverse voltage condition. 

[0042] Accordingly, the p-channel double-sided extended drain field effect transistor 
200 has high breakdown voltages between the source terminal 207 and the n-well 201, as 
well as between the drain terminal 204 and the n-well 201. The transistor 200 is thus well 
suited for applications such as that of Figure 1 in which the drain terminal and source 
terminals may experience strong reverse biases with respect to the n-well 
[0043] Although the transistor 200 has been described as a p-channel transistor, a 
similar n-channel device may also be constructed, using the principles of the present 
invention, by replacing regions of a first carrier type (e.g., p-type or n-type) of the 
illustrated transistor 200 with regions of the opposite carrier type (e.g., n-type or p-type). 
Although the specific fabrication parameters for the transistor 200 have not been described, 
such fabrication techniques will be within the knowledge of those of ordinary skill in the 
art after having reviewed this description and associated figures. As will be apparent to 
those of ordinary skill in the art after having reviewed this description and associated 
figures, the fabrication of the transistor 200 may be performed using standard CMOS 
processes. 

[0044] The n-channel single-sided extended drain field effect transistor 103 may be 
any extended drain field effect transistor including those conventionally available. 
However, Figure 3 illustrates an n-channel single-sided extended drain field effect 
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transistor 300 that may be used as the n-channel single-sided extended drain field effect 
transistor 103 of Figure 1. 

[0045] The transistor 300 includes a gate terminal 307, a source terminal 304, a drain 
terminal 306, and field oxide layer 303 including components 303A, 303B and 303C. The 
source terminal is coupled to the substrate via p+ doped region 305. A p-well 301 and n- 
well 302 are disposed within the substrate as illustrated. Oxide layer 310 including 
components 31 OA, 31 0B, 3 10C and 310D, selectively isolates the other transistor 
components from upper metal layers. 

[0046] The transistor 300 may also be fabricated using standard CMOS processes as 
will be apparent to those of ordinary skill in the art after having reviewed this description 
and the associated figures. The other components 104 and Rl, R2 and R3 may also be 
fabricated using CMOS processes. Accordingly, the entire integrated voltage regulator and 
reverse voltage protection circuit 100 of Figure 1 may be constructed using standard 
CMOS processes, and also does not require external circuit components. This reduces the 
cost of the fabrication. If the load 105 may be fabricated on a chip, then the load 105 may 
be integrated with the circuit 100 on the same chip. If the load 105 may be fabricated 
using standard CMOS processes, then the entire circuit 100 with the load 105 may be 
fabricated using standard CMOS processes. 

[0047] Figure 5 illustrates an integrated overvoltage blocking and reverse voltage 
protection circuit 500 in accordance with an alternative embodiment of the present 
invention. The elements 501, 502, 503, 504, 505, R51, R52 and R53 may be the same as 
described above for elements 101, 102, 103, 104, 105, Rl, R2 and R3 respectively. In this 
embodiment, however, the voltage divider that includes the series combination of resistors 
R52 and R53 spans the entire voltage supply rails. The element 504 compares the voltage 
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V(DIV) generated by the resistive divider with a reference voltage V(REF). If V(DIV) is 
lower than V(REF), the voltage supply V(SUP) is considered to be at a safe level and is 
applied to the load through element 502. The circuit 500 would operate to block voltage 
from reaching the load 505 during an overvoltage condition. 

[0048] Figure 6 illustrates an integrated voltage regulator and reverse voltage 
protection circuit 600 in accordance with another aspect of the present invention. The 
elements 601, 602, 603, 604, 605, R61, R62 and R63 may be the same as described above 
for elements 101, 102, 103, 104, 105, Rl, R2 and R3 respectively. The circuit 600 has an 
additional p-channel extended drain field effect transistor 606 coupled in series between 
the transistors 601 and 603 as shown. The source terminal of the transistor 606 is 
connected to the gate terminal of the transistor 602. In this configuration, the gate terminal 
of the transistor 602 is protected from excessively high voltages during an overvoltage 
condition. The modification to Figure 1 shown in Figure 5 may be added to the 
modification to Figure 1 shown in Figure 6. 

[0049] The present invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments are to be 
considered in all respects only as illustrative and not restrictive. The scope of the 
invention is, therefore, indicated by the appended claims rather than by the foregoing 
description. All changes which come within the meaning and range of equivalency of the 
claims are to be embraced within their scope. 

[0050] What is claimed and desired to be secured by United States Letters Patent is: 
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